SUMMARY To characterize the sequence of retrograde atrial activation in the presence of dual atrioventricular (AV) nodal pathways, we analyzed electrophysiologic data from seven patients in whom discontinuous AV nodal and ventriculoatrial conduction curves could be induced with programmed electrical stimulation. In all patients, electrograms of the high right atrium (HRA), lateral right atrium (LRA), low septal right atrium (SRA) and proximal coronary sinus (PCS) near the coronary sinus ostium were simultaneously recorded at a paper speed of 150-250 mm/sec. During programmed ventricular extrastimulation and incremental ventricular pacing, ventriculoatrial conduction via the fast AV nodal pathway resulted in SRA activation before PCS, HRA and LRA activation. However, the sequence of retrograde atrial activation abruptly changed with a shift from retrograde fast to retrograde slow AV nodal pathway conduction. Characteristically, during ventriculoatrial conduction via the slow AV nodal pathway, activation of the PCS preceded SRA activation by 5-20 msec and was accompanied by an alteration of the temporal relationship between HRA and LRA activation in all patients. These observations suggest that anatomically, the proximal common AV nodal pathway is a broad area that permits the slow AV nodal pathway to have a retrograde exit located posteriorly, inferiorly and to the left of that of the fast AV nodal pathway, and that the retrograde atrial activation sequence recorded during tachyarrhythmias should be determined with caution while attempting to differentiate retrograde normal AV pathway from retrograde anomalous bypass tract conduction.
SUMMARY To characterize the sequence of retrograde atrial activation in the presence of dual atrioventricular (AV) nodal pathways, we analyzed electrophysiologic data from seven patients in whom discontinuous AV nodal and ventriculoatrial conduction curves could be induced with programmed electrical stimulation. In all patients, electrograms of the high right atrium (HRA), lateral right atrium (LRA), low septal right atrium (SRA) and proximal coronary sinus (PCS) near the coronary sinus ostium were simultaneously recorded at a paper speed of 150-250 mm/sec. During programmed ventricular extrastimulation and incremental ventricular pacing, ventriculoatrial conduction via the fast AV nodal pathway resulted in SRA activation before PCS, HRA and LRA activation. However, the sequence of retrograde atrial activation abruptly changed with a shift from retrograde fast to retrograde slow AV nodal pathway conduction. Characteristically, during ventriculoatrial conduction via the slow AV nodal pathway, activation of the PCS preceded SRA activation by [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] msec and was accompanied by an alteration of the temporal relationship between HRA and LRA activation in all patients. These observations suggest that anatomically, the proximal common AV nodal pathway is a broad area that permits the slow AV nodal pathway to have a retrograde exit located posteriorly, inferiorly and to the left of that of the fast AV nodal pathway, and that the retrograde atrial activation sequence recorded during tachyarrhythmias should be determined with caution while attempting to differentiate retrograde normal AV pathway from retrograde anomalous bypass tract conduction.
IN DIFFERENTIATING retrograde conduction via the normal atrioventricular (AV) pathway from an anomalous bypass tract, one must evaluate ventriculoatrial conduction properties during an electrophysiologic study.'-" Ventriculoatrial conduction over the normal AV pathway is characterized by the earliest activation of the low septal right atrium (SRA) recorded in the His bundle electrographic lead and progressive prolongation of ventriculoatrial conduction time with increasing prematurity of ventricular extrastimulation. In contrast, ventriculoatrial conduction over an anomalous bypass tract has the earliest atrial activation at the site of its atrial insertion, and, characteristically, there is a lack of refractory-dependent ventriculoatrial conduction delay despite progressively premature ventricular extrastimulation.1 3 Dual AV nodal pathways are generally believed to be intranodal structures.4"8 Both fast and slow AV nodal pathways possess AV nodal properties with refractory-dependent conduction delay in both antegrade and retrograde directions.6-8 However, studies on the sequence of retrograde atrial activation have been limited to the fast AV nodal pathway.9' 10 In the present study, we characterize and compare retrograde atrial activation sequences that result from ventriculoatrial conduction via the fast and the slow AV nodal pathways.
Materials and Methods
Electrophysiologic evidence of antegrade dual AV nodal pathway conduction was based on the induction of discontinuous AV nodal conduction curves (A1A2, H1H2) with programmed atrial extrastimulation,0 7 and retrograde dual AV nodal pathway conduction on the induction of discontinuous ventriculoatrial conduction curves (V1V2, A1A2) with programmed ventricular extrastimulation.7 8 Data from 19 patients with antegrade dual AV nodal pathways in whom multiple atrial electrograms were simultaneously recorded were analyzed. Seven of these patients also had retrograde dual AV nodal pathway conduction, which allowed comparative analysis of retrograde fast and retrograde slow AV nodal pathway conduction. These seven patients constituted the study population.
After the patients gave informed consent, all cardiotonic and antiarrhythmic medications were discontinued 48-72 hours before the study. The (HBE) . The CS1 lead is believed to be at the CS ostium. HRA = high right atrium; LRA = lateral right atrium; R VA -right ventricular apex; SRA -low septal right atrium. and LRA electrographic leads had a recording interelectrode distance of 10 mm and were located 20 mm apart. During programmed atrial stimulation, the HRA lead was used for pacing and the LRA lead for recording. A tetrapolar electrode catheter (USCI 5675 #6F) was inserted from an antecubital vein in the left arm and placed in the coronary sinus (CS). The two pairs of electrodes of the CS catheter, designated CS1 and CS2, were adjusted under fluoroscope so that they were located underneath the HBE for recording CS atrial electrograms (CS1 was believed to be at the CS ostium) ( fig. 1 ). These two CS electrographic leads had a recording interelectrode distance of 10 mm and were located 10 mm apart.
Programmed atrial and ventricular stimulation consisted of extrastimulation and incremental pacing. Simultaneous recordings of multiple atrial electrograms provided detailed analysis of retrograde atrial activation sequence during programmed ventricular stimulation in these patients. As would be expected, the sequence of retrograde atrial activation resulting from retrograde conduction over the fast AV nodal pathway was first the SRA in the HBE lead, followed by the proximal CS (CS1 and CS2), the HRA and the LRA in all patients. The SRA activation preceded proximal CS activation by 10-30 msec (table 2) . In contrast, the retrograde atrial activation sequence resulting from retrograde conduction via the slow AV nodal pathway was characterized by earliest activation at the proximal CS. The activation of the proximal CS preceded low SRA activation by 5-20 msec and was accompanied by an alteration of the temporal relationship between LRA and HRA activation during ventriculoatrial conduction via the slow AV nodal pathway (table 2) . Figure 3B demonstrates the induction of discontinuous ventriculoatrial conduction curves (V,V2, A1A2 and V1V2, V2A2) with ventricular extrastimulation during right ventricular (RV) pacing at a CL of 650 msec. The retrograde effective and functional refractory periods of the fast AV nodal pathway were 350-360 and 400 msec, respectively, and the retrograde effective and functional refractory periods of the slow AV nodal pathway 290 and 610 msec, respectively. The ventricular echo zone coincided with the entire retrograde slow AV nodal pathway conduction curve. Retrograde slow AV nodal pathway conduction time (H-A2) was 280-320 msec.
Tracings corresponding to figure 3B are presented in figures 4 and 5. During RV pacing at a CL (S,Sj) of 650 msec, a ventricular premature complex (S2) at a premature coupling interval (S1S2) of 350 msec could be conducted to the atrium via either the fast or the slow AV nodal pathway ( fig. 4) The numbers indicate msec after the earliest activation site, which is designated as the zero reference point.
Abbreviations: CS = coronary sinus; FP = fast atrioventricular nodal pathway; HRA = high right atrium; LRA = lateral right atrium; PCS = proximal coronary sinus; SP = slow atrioventricular nodal pathway; SRA = low septal right atrium.
slow AV nodal pathway conduction, the sequence of retrograde atrial activation was abruptly changed. The CS1 and CS2 were activated 5-10, 25 and 40 msec before the SRA, the LRA and the HRA, respectively (figs. 4B and 5A). The change in the temporal relationship of retrograde atrial activation occurred not only between the SRA and CS1 and CS2, but also between the HRA and the LRA. Further, the change in the retrograde atrial activation sequence consequent upon the shift from retrograde fast to retrograde slow AV nodal pathway conduction was accompanied by alterations of the morphology of the atrial electrograms ( figs. 4 and 5) .
The sequence of retrograde atrial activation resulting from each AV nodal pathway conduction in the retrograde direction was consistently reproducible with repeated ventricular extrastimulation. The characteristic alteration of the retrograde atrial activation sequence consequent upon the shift from retrograde fast to retrograde slow AV nodal pathway conduction could also be observed during ventriculoatrial Wenckebach phenomenon induced by rapid ventricular pacing in all patients. One example is given in figure 6 . responding to the first paced beat was 170 msec, ing from retrograde fast AV nodal pathway conducmeasured from the HBE lead. In the second and third tion (corresponding to the first paced beat) and that paced beats, ventriculoatrial time was then abruptly resulting from -retrograde slow AV nodal pathway lengthened to 370 and 390 msec, respectively, suggestconduction (corresponding to the second and third ing failure of retrograde fast AV'nodal pathway and repeated rapid ventricular pacing in all patients. An additional example (patient 5) is shown in figure 7 . Discussion Observations made in this study indicated characteristic alteration of the retrograde atrial, activation sequence resulting from a shift from retrograde fast to retrograde slow AV nodal pathway conduction in patients with dual AV nodal pathways. In previous studies,7-10' 12 either only H-RA and SRA electrograms were recorded for.analysis of the sequence of retrograde atrial activation7' 8, 12 or the description of retrograde atrial activation. sequen-ce was limited to that resulting from retrograde fast AV nodal pathway conduction.9' 10 The present study, therefore, provides further information pertaining to the uniderstanding of retrograde dual AV nodal pathway conduction.
The induction of discontinuous AV nodal conduction curves (A1A2, H1H2) with atrial extrastimulation conformed to the presence of antegrade. dual AV nodal pathways" (fig. 3A, table 1) . Nevertheless, the induction of discontinuous ventriculoatrial conduction curves (V1V2, A1A2) with ventricular extrastimulation would also raise the possibility of coexisting anomalous bypass tracts functioning in the retrograde direction.'8 It has been described that discontinuous ventriculoatrial conduction curves (V1V2, A1A2) can be induced with ventricular extrastimulation during. retrograde conduction over the normal AV pathway and an anomalous bypass tract when either of the two fails to conduct in the retrograde direction.1-8' 14 Analysis of discontinuous ventriculoatrial conduction curves (V,V2, AIA2) induced in our patients revealed.that both fast and slow pathways exhibited AV. nodal conduction properties during retrograde conduction, with the fast pathway having a retrograde effective refractory period longer than that of the slow pathway ( fig. 3B, table 1 ). Also, despite having different sequences of retrograde atrial activation, the earliest sites of retrograde atrial activation resulting from retrograde conduction over the two pathways, the SRA and CS1 and CS2 were anatomically close to the AV septum ( fig. 1) [4] [5] [6] . These observations show that the slow pathway has characteristics of the AV node in the retrograde direction in these patients.
The structural and cellular complexity of the human AV junctional area has not been completely clarified and the definition of the AV node has created considerable controversies."5 In the isolated rabbit heart, Paes de Carvalho and de Almeida"1 distinguished three functional separate parts in the AV node based on different action potential recordings: atrionodal, nodal and nodo-His zones. These three cell zones were subsequently found to correlate to some extent with the three cell types (transitional, upper nodal and lower nodal) described in the histologic studies performed by Anderson.'7 The precise location of dual AV nodal pathways in relation to the AV nodal structure, however, is speculative.4 8t [18] [19] [20] We recently observed that the fast-slow form of AV junctional reciprocating tachycardia may remain sustained after development of AV block in certain patients (Sung RJ: personal observation). This observation suggests that the ventricle is not a necessary link of the tachycardia circuit and is thus in favor of the theory that reentry occurs within the AV node or involves double AV nodes in these patients. The presence of double AV nodes has been well documented,3; although their prevalence and functional significance are not known. Nevertheless, we must also consider observations made by other investigators in which involvement of an anomalous 1066 CIRCULATION bypass tract has been implicated.25 28 Various anatomic substrates may be responsible for the fastslow form of AV junctional reciprocating tachycardia. Further anatomic studies are necessary to substantiate these theories.
